INTRODUCTION
In 1992 there were 157,354 dialysis patients with end stage renal disease (ESRD), 145,399 of whom were covered by the Medicare program (Health Care Financing Administration, 1994) . There are two types of dialysis-hemodialysis and peritoneal dialysis. Patients undergoing hemodialysis are attached to a machine for 3 to 4 hours, approximately three or four times a week. The patienf's blood is fed into the machine, which purifies the blood and returns it to the patient. The second type of dialysis is peritoneal dialysis, where the peritoneal cavity is filled with dialyzing fluids and the patient's blood is purified as it passes through the peritoneal membrane. This process is continuous and the dialyzing fluid is replaced every few hours. During
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1992, most patients in the ESRD program underwent outpatient hemodialysis. However, a significant minority (28,896 of 157,354) used other dialysis modalities, namely, home hemodialysis, home or outpatient intermittent peritoneal dialysis (IPD), CAPD, and CCPD. The less common modalities, which are referred to as "minority" modalities in this article, have various advantages and disadvantages relative to outpatient hemodialysis. For example, CAPD and CCPD do not require patients to visit a dialysis center three times per week, thus providing more freedom. Weighed against this is the increased risk of infection associated with CAPD and CCPD (Nolph, Lindblad, and Novak, 1988) . These minority modalities are, therefore, suitable and preferable for some patients, while being disadvantageous to others. Ideally, physicians should be able to select from the complete range of modalities in order to pick the modality appropriate for their patients' circumstances. This article links patient-level data from the HCFA ESRD Program Management and Medical Information System (PMMIS) to facility data from the ESRD Statistical Cost Report Forms and the ESRD Facility Survey, to explore the determinants of modality provision among freestanding renal dialysis facilities, by examining whether they provide CAPD, CCPD, and home hemodialysis.
The purpose of this article is to provide information about the use of these various modalities and to discuss issues relating to their provision. Apart from the minor exception of home IPD, CAPD and CCPD have grown fastest of all modalities, especially the latter (Health Care Financing Administration, 1994) . The high growth rate of CAPD and CCPD, which in 1992 accounted for about 90 percent of the minority modalities, gives further motivation for examining the determinants of their provision.
This article applies standard neoclassical economic ideas about firm behavior to freestanding renal dialysis facilities. A facility is assumed to decide whether to provide a modality, based on its self-interest. The primary objective of most, and the sole objective of many, facilities is profit maximization. However, facilities are constrained by several considerations in their efforts to increase profits. First, facilities are constrained by the extant level of technology, which restricts the level and intensity of patient services that can be provided, given the availability of machines and staff. Second, a facility is bound to provide a certain quality of service to its patients. Thus, although a facility could lower costs by reducing the length of a dialysis session, it must also maintain the health of its patients. This must be done not only because there are generally accepted standards of medical practice for dialysis, but also out of self-interest, since facilities need to maintain their patient base. The factors that determine whether a dialysis modality is provided are a combination of facility and patient characteristics. The patient characteristics affect the feasibility and appropriateness of alternative dialysis modalities, for example, income, race, age, and patients' health. The facility characteristics affect the potential profitability of providing a dialysis modality; for example, facility size and area characteristics (location). The hypotheses discussed later are based on these assumptions.
The analysis considers a number of hypotheses related to modality provision. First, patients who must travel longer distances to a dialysis facility-for example, in rural areas, where a single facility serves a larger geographic area-face higher time and travel costs for outpatient services. Thus, it is expected that these patients are more likely to prefer home modalities, which require fewer visits to a dialysis center.
Second, facilities in high-wage areas may be discouraged from the provision of modalities requiring labor-intensive services such as training. Because patients undergoing CAPD, CCPD, and home hemodialysis require an initial period of training, higher wages may reduce the provision of these particular modalities. Although reimbursement rates are adjusted to account for variations in local costs, and facilities receive extra compensation for training sessions, this adjustment is imperfect and may not compensate the facilities completely. Thus, the level of health care workers' wages is expected to be negatively associated with the probability of provision, reflecting high training costs.
Third, the intensity of competition in the market place may influence a facility owner's decision to provide the minority modalities. Research has been conducted examining the effect of competition in the dialysis industry, for example, Held and Pauly (1983) and Farley (1993) . Because the Federal Government sets the reimbursement rates and pays for the industry's services to Medicare beneficiaries, firms must compete for patients using means other than price competition. One method is to offer a wider range of modal-ities in order to attract as many patients as possible.
Fourth, there is a substantial literature examining the hypothesis that black persons have less access to non-renal medical services. For the purposes of this article, it is of interest as to whether facilities with a higher percentage of black patients are less likely to provide the minority modalities. Because variables measuring race are often proxies for socioeconomic status, the analysis also includes a control variable for income.
Fifth, there may be scale effects associated with the provision of minority modalities. In other words, if there are a large number of patients, a firm's average cost of provision may be lower, that is, economies of scale.
Finally, Griffiths et al. (1994) have shown that the profit versus non-profit status of a facility is an important factor in determining productivity and the output of dialysis services. The analysis in this article controls for the possibility that a facility's ownership category (profit versus non-profit status) affects the decision to provide the various modalities. Griffiths et al. (1994) , Dor, Held, and Pauly (1992) , and Held and Pauly (1983) also control for another dimension of ownership, namely, whether the facility is owned by a chain. This analysis also attempts to control for the effect of chain membership, that is, the effect of ownership where a single firm owns a number of dialysis facilities. One would expect that for-profit facilities would tend to provide more of the lower-cost modalities, but there is no definitive evidence that demonstrates which modalities are cheaper to provide. Consequently, we have no a priori beliefs regarding the directional impact of either for-profit or chain membership on the probability of offering the minority modalities.
DATA AND METHODS

Data Sources
Three primary data bases were used for this article. The information reported by renal dialysis centers on the ESRD Statistical Cost Report Forms is a rich data source. Each dialysis facility is required to submit annually an ESRD Statistical Cost Report, which contains costs, broken down by category, for example, drugs, supplies, and salaries. Most important for this article, however, these data contain the number of dialysis and training sessions for home hemodialysis. A number of researchers have utilized the information in these reports, for example, Held and Pauly (1983) , Dor, Held, and Pauly (1992) , Farley (1993) , and Griffiths et al. (1994) . There is not, however, any research using these data to investigate the determinants of facilities' modality provision.
The second primary data base used in this article was the ESRD Facility Survey Data. Some of these data are contained in the Statistical Cost data base; however, there are important additional data, in particular, the number of patients in each facility and the number of patients who received dialysis and training for CCPD and CAPD. The third primary data base is the HCFA ESRD PMMIS, which contains data on individual patients who receive dialysis services. These data were used to calculate case-mix control variables; for example, the age, race, and gender composition of facilities' patients. This article also used data from the Health Resources and Services Administration (HRSA) Area Resource File (ARF), primarily U.S. Census and U.S. Department of Labor data, to calculate area characteristics variables such as per capita income.
DATA LIMITATIONS
Researchers who have used the ESRD Statistical Cost Report data previously cited have found several anomalies, large outliers, and inconsistencies. Further, a HCFA memorandum outlines the various problems with the ESRD Statistical Cost Report data, for example, extreme outliers for cost per treatment and the calculation of CAPD and CCPD patient weeks of treatment (Health Care Financing Administration, 1993) . Specifically, facilities are asked to report the number of "patient weeks" of CAPD treatment, that is, the number of patients multiplied by the number of weeks during the year in which they were using CAPD. In order to determine those data that were misreported or improperly coded, a number of preliminary cross-checks were conducted. First, a detailed description of the variables' distribution was obtained to locate outliers. Second, the data from the ESRD Statistical Cost Report were cross-checked with the ESRD Facility Survey data. The data from the ESRD Statistical Cost Report and the ESRD Facility Survey were from 1992 (the most recent full sample available). A total of 274 observations was dropped, leaving a sample size for this analysis of 1,195 freestanding facilities. A list of variable definitions and the criteria for dropping observations is provided in the Technical Note.
Assumptions Used in This Study
The provision of three modalities other than outpatient hemodialysis was considered, namely, CAPD, CCPD, and home hemodialysis. Of these, CAPD is by far the most common, with 20,872 patients, although there has been a significant rapid increase in the use of CCPD (Health Care Financing Administration, 1994) . To determine whether a facility provided home hemodialysis, the ESRD Statistical Cost Report data were searched for evidence of home hemodialysis and hemodialysis training. If a facility reported having at least one session for either training or dialysis, the facility was counted as providing the modality. In the case of CCPD and CAPD, the ESRD Facility Survey data set was used, because the ESRD Statistical Cost Report frequently misreported data for CAPD and did not distinguish between home IPD and CCPD. Any facility that reported CCPD or CAPD patients either in training or undergoing dialysis was counted as providing that modality. Although there is not a oneto-one correspondence between training and dialysis services for any modality, it seems reasonable to assume that evidence of the former is reason for believing in the existence of the latter. The correlation coefficients show relatively modest levels of correspondence between the provision of training and dialysis for CAPD (0.22), home hemodialysis (0.38), and CCPD (0.18). It appears, however, that in the case of CAPD and CCPD, the presence of training implies the presence of dialysis. For example, of the 21 facilities providing CCPD training, only 1 showed no CCPD dialysis; however, of the 399 facilities providing CCPD dialysis, 379 did not provide training. Similarly, for CAPD, 67 facilities provided training, of which 64 provided dialysis. In the case of home hemodialysis, the situation is less clear cut. Training sessions were recorded by 105 facilities, but only 57 of those facilities reported home hemodialysis sessions. In summary, the levels of deemed provision were 599 facilities providing CAPD, 400 facilities providing CCPD, and 205 providing home hemodialysis. All the facilities in the sample provided outpatient hemodialysis.
It should be noted that there are data indicating which modalities a facility is approved to provide. Although these data give some insight into facilities' potential modality provision, the analysis in this article focuses on actual modalities provided. As previously discussed, the ARF was used to provide information about area characteristics. Metropolitan Statistical Area (MSA) characteristics were created by aggregating up from the county level, so that all the facilities located in a particular MSA were assigned the same MSA characteristics. The 265 facilities located outside MSAs were assigned characteristics according to their county location. Clearly, there are alternative geographical delineations that could be used to calculate area characteristics; for example, ZIP code or State. Given the covariates used to measure area characteristics, the MSA was chosen because it appeared to be the best measure for most of the covariates, in most areas of the country. The variables taken from the ARF included per capita income, labor force, members of labor force who were unemployed, and land area.
Methods
The probability of providing the home modalities was modeled using separate multivariate logistic regressions for CAPD, CCPD, and home hemodialysis. We found that 98 percent of facilities providing CCPD also provided CAPD; however, only 65 percent of facilities that provided CAPD also provided CCPD. Given CCPD's relatively low use rate and its high growth rate, it would appear that CCPD is in a catch-up phase of usage, relative to CAPD. The catch-up process may be such that facilities offering CAPD are starting to offer CCPD, as technological development of the latter modality lowers costs. The set of facilities offering CCPD was almost a proper subset of the facilities offering CAPD; consequently, the analysis proceeded along the following lines with respect to the CAPD and CCPD logits. First, a logit was run on the entire sample, estimating the probability that a facility provided CAPD. Because providing CAPD appears to be a necessary condition for providing CCPD, the sample for the CCPD logit regression was confined to facilities that provided CAPD (599 facilities). The results of this CCPD logit, therefore, represent estimates of the probability of providing CCPD, conditional on the facility providing CAPD.
In contrast to the linkages between CAPD and CCPD, there are distinct technological differences between home hemodialysis and CAPD or CCPD. Thus, we believe that the assumption of mutual independence between home hemodialysis and CAPD or CCPD is reasonable.
The hypothesis relating home modality provision to time and travel cost was tested by including a variable measuring the number of dialysis facilities per square mile in the MSA for non-rural areas or county for those facilities located in a rural area.
2 Second, the HCFA wage index was used to control for the hypothesized relationship between high health care workers' wages and a lower probability of modality provision. Third, the Herfindahl index was used as a measure of market competitiveness for the MSA or county.
3 A Herfindahl index value of one indicates a single facility (a local monopoly) and a value close to zero indicates a large number of small producers (a more competitive market). The idea that 2 Hospital-based facilities were included in the calculation of facilities per square mile. 3 The Herfindahl Index is the sum of squares of each facility's market share in the MSA or county. A facility's market share was measured as the proportion of patients associated with it. We included hospital-based facilities in calculating this index, though the hospital-based observations are excluded from the logit analysis. There are other measures of market competition and concentration; however, other researchers who have conducted analysis relevant to market concentration have used the Herfindahl index, for example, Farley (1993) and Held and Pauly (1983) . A detailed discussion of the different measures of market power is in Farley (1993). increased competition raises the probability of provision implies a negative coefficient for this covariate. The hypothesis that there is a negative association between the probability of providing a modality and the presence of black patients is tested here by including the percent of facility patients who are black. The scale effects are measured by including the number of patients and the number of patients squared as covariates.
In addition to the idea that larger facilities may benefit from economies of scale with respect to the number of patients, it is possible that there are economies of scale for chains, with respect to the number of facilities owned and operated by the chain. An examination of the distribution of chain size (number of facilities owned by the same firm) revealed three distinct categories that were then applied to the analysis. Dummy variables are, therefore, included to indicate facilities that are owned by large chains, medium-size chains, and small chains. The large chain category contained the three largest chains, the medium chain category included the next four largest chains, and the small chain category contained all the other facilities belonging to chains. Table 1 shows the provision of the minority modalities by chain and ownership category. These data show that a larger proportion of facilities belonging to medium-size chains, provide CAPD, CCPD, and home hemodialysis. Large chain members provide CAPD and home hemodialysis less often. It is important to note that providing a modality does not signify the extent of modality use, merely that the modality is used in a facility during 1992, the year of this study. Table 1 also shows cross-tabulations between ownership category and the provision of the minority modalities. The lower part of Table 1 provides a breakdown of the combinations of the minority modalities provided, by ownership and chain category. The most popular pairwise combination of modalities is CAPD and CCPD, reflecting either production complementarities, or a common set of generating causes, or a combination of both.
A set of dummy variables was included to account for variations in ownership status. A larger proportion of sole proprietorship facilities provide CAPD. For-profit corporations and sole proprietorships provide home hemodialysis less frequently than other ownership types. Although these cross-tabulations do not control for variations in other factors, they nevertheless provide a useful overview of the relationship between ownership categories, chain membership, and modality provision.
It is possible that a facility's case mix may affect the probability of offering certain modalities. In particular, patients who are sicker may be less able to perform selfdialysis modalities such as CAPD and CCPD. It has been shown that dialysis patients whose precipitating cause of renal failure was diabetes have higher mortality rates (Held, Pauly, and Diamond, 1987) . In order to adjust for this source of variation in case mix, the percent of patients with diabetes as a precipitating cause of renal failure was included as a covariate in the model. Studies that have examined the production of dialysis services (Griffiths et al., 1994) or variations in treatment of ESRD patients (Deber et al., 1985) have controlled for case-mix effects arising from variations in patients' age, gender, and duration of ESRD. The following analysis, therefore, includes covariates that measure the average age of the patients attending a facility, the percent of male patients, and the patients' average duration of ESRD. Also, geographic variation in economic well-being was accounted for by including the unemployment rate and per TIT capita income for the MSA or county. Finally, there is a large literature demonstrating the importance of geographic variation in practice patterns (Wennberg and Gittlesohn, 1973) , so a set of dummy variables was included for the U.S. Census Divisions. The summary statistics for all the variables used in this analysis are provided in Table 2 . Odds ratios were calculated for the discrete and continuous covariates. In the case of the dummy variable (discrete) covariates, the calculation was performed by exponentiating the estimated coefficient. The calculations for the continuous covariates were performed by multiplying the difference between the maximum and minimum values of the covariate by its coefficient estimate, and then exponentiating the result; that is, the odds ratio equals exp [beta* (maximum value minus minimum value)]. This calculation measures the odds for a facility whose covariate's value is the maximum, relative to a facility whose covariate's value is the minimum.
RESULTS
The logistic regression results, reported in Table 2 , were satisfactory in terms of fit (McFadden's pseudo R-squared) and the level of significance of some of the important covariates. Note that the results of the CCPD logit are estimates using the subset of firms that provide CAPD. Thus, the parameters in the CCPD logit can be loosely interpreted as measures of the impact of the covariates, conditional on the event that the facility provided CAPD.
The results supported the hypothesis that areas with a small number of facilities per square mile (facility density) are more likely to provide minority modalities. The relative odds across the interquartile range for MSA/county population density is 0.07 for CAPD, 0.05 for home hemodialysis, and 0.13 for CCPD. These results indicate that the odds of modality provision for a facility in the area with the highest facility concentration are between 85 and 97 percent of those in the area with the lowest facility concentration. The indicators of an area's economic well-being were mostly not significant. The exception was the positive association between per capita income and the provision of CAPD.
There is substantial support for the hypothesis that facilities with high percentages of black persons are less likely to provide the minority modalities. The percentage of black patients is negative and significant in all the logits. The relative odds of provision falls by between 1 and 2 percent for every 1 percent increase in the percent of black patients. As discussed, this result agrees with other studies that have found evidence of reduced access to health services for black persons (Ford et al., 1989; Mayer and McWhorter, 1989) . One explanation for the finding in this article is that outpatient hemodialysis entails a high time cost. Consequently, patients with higher time costs are more likely to prefer other modalities. In particular, those patients who earn high wages would prefer to sacrifice less time visiting dialysis facilities and therefore may prefer CAPD or CCPD.
The estimated parameter for the HCFA wage index was negative in all the logistic regressions, but significant only in the CAPD logit. Hence, there is limited evidence to support the hypothesis that areas with higher health care worker wages deter the provision of CAPD, and possibly CCPD, because it is contingent upon the provision of CAPD. It may be the case, therefore, that reimbursement rate schedules are not providing a reasonable return to facilities located in high wage cost areas.
Contrary to expectations, the Herfindahl index was positive and significant in the CAPD equation, suggesting that more concentrated markets are likely to produce CAPD. However, the sign of this covariate was negative and significant in the CCPD logit
The effect of chain size varied in both significance and sign across modalities. The reference category for chain size is firms that do not belong to a chain. First, for CAPD provision, the logits show a significant negative effect of small chain membership (odds ratio 0.55) and large chain membership (odds ratio 0.53). Second, for CCPD provision, there is a significant positive effect of large chain membership (odds ratio 1.71). Third, for home hemodialysis provision, there is a significant negative effect of large chain membership (odds ratio 0.46). On balance, chain membership appears to be negatively associated with the provision of minority modalities. The simple cross tabulations presented in Table 1 are mostly in concert with the logit results. The positive sign for large chain members providing CCPD is interesting. It suggests that the group of large chain members providing CAPD have a higher probability of providing CCPD. Somewhat surprising, however, is that whereas small and large chain members are less likely to provide CAPD, their medium-size counterparts do not have this tendency.
The results produced some support for the hypothesis that ownership category has an impact on the probability of provision for CAPD, but not the other minority modalities. The reference category for ownership is non-profit corporations. The for-profit corporation dummy variable was positive and significant for CAPD (odds ratio 1.7). This result is important because for-profit corporations comprise 80 percent of the total sample of facilities. Furthermore, because most large chain members are also part of for-profit corporations, the results show the importance of delineating between both chain membership and ownership category. In a set of unreported estimations, the for-profit facilities were grouped together, creating a single dummy variable indicator. These results also showed highly significant and positive associations between for-profit organizations and the probability of providing CAPD.
The number of patients was highly significant and positive in all the logit equations, which strongly supports the hypothesis that facilities with a larger patient base have a higher probability of providing these modalities, albeit at a decreasing rate, due to the negative coefficient on "total patients squared." The strength of this relationship suggests that facility size is of fundamental importance and implies that there are substantial economies of scale associated with the provision of the minority modalities.
Finally, a set of logistic regressions was run to assess the specification's sensitivity to including the previously deleted observations. There were 1,425 facilities for which data were available for all the variables in the logit equation, and identical logits were estimated. With two exceptions, there were no major differences in the results. First, the percent of black patients was significant at the 11-percent level in the home hemodialysis (compared with the 3 percent level in the results previously discussed). The coefficient was only 0.008 compared with 0.01 in the previous results. Second, in the home hemodialysis logit, the medium-sized chain dummy variable was significant at the 7-percent level compared with 15-percent level in the previous results, and the coefficient increased to 0.67 from 0.61.
DISCUSSION
The consistent positive association between low facility density areas and the probability of providing the minority modalities suggests that patients' personal HEALTH CARE FINANCING REVIEW/Winter 1995/Volume 17, Number 2 circumstances may be helping to drive facilities' decisions about services. Although a patient's physician is responsible for recommending a modality, it appears that the physician is likely to take into account the patient's situation regarding travel time and general quality of life. The implication is that, in certain geographic locations and where medically appropriate, policymakers should encourage the provision of modalities that do not require the patient's frequent attendance at a facility. One possibility is to encourage provision in areas where facilities are sparse, by adjusting the reimbursement rates for CAPD, CCPD, and home hemodialysis in these areas.
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The results regarding the provision of services to facilities with higher concentrations of black persons is concomitant with many other studies that suggest that black persons are underserved by the health services industry. It should be noted, however, that, although the results in this article are fairly strong, they are based on aggregate data and may suffer from the ecological fallacy. In other words, the results produced in this article do not prove that black persons per se are underserved, only that facilities with higher concentrations of black persons offer fewer alternatives. This result is supported by findings in other ESRD studies; for example, it has been shown that of those patients surviving 1 year or more after ESRD diagnosis, 84 percent of black persons undergo outpatient dialysis, compared with 70 percent of white persons (1987-91 cohort) (Health Care Financing Administration, 1994) . Although there are age and income differences between black and white persons (for example, in 1992 black ESRD patients had an average age of 56.6 compared with 60.9 for white ESRD patients), the results in this article concur with the findings from other data. Policymakers should, therefore, be alerted to the potential lack of services offered to black communities. As discussed, with respect to areas with low facility density, a new set of incentives might be developed that encourages an increased range of modalities where appropriate.
The aforementioned comments notwithstanding, there are a number of possible explanations for the inverse relationship between the percent of black patients and the reduced probability of providing the minority modalities. First, because black persons generally earn lower wages, the amount of wages foregone due to attending a dialysis facility is less, which implies that black persons would prefer outpatient hemodialysis. A countervailing effect, however, arises from the idea that because black persons are more likely to be in a lower income group, they need to earn every dollar they can and would benefit from the improved mobility accompanying the minority modalities. While the inclusion of the MSA/county per capita income variable controls somewhat for this countervailing effect, this is a very imperfect control because the per capita income variable is highly aggregated. This lost wages argument should hold across genders, because males tend to earn higher wages; however, the percent of males variable is not significant in any of the logits. Ordinarily, arguments pertaining to foregone wages are less relevant for the Medicare population, because most are of retirement age. This is not the case for the ESRD program, however, where the average is significantly less than 65 years.
A second important issue relating to black persons' low rate of use of CAPD and CCPD is their risk of infection. Korbet, Vonesh, and Firanek (1993) found a twofold increase in the rate of peritonitis for black persons compared with white persons. Farias et al. (1994) found that the time to an initial episode of peritonitis for white persons was 50 percent longer than for black persons. Given these findings, there may be sound medical reasons for not prescribing CAPD or CCPD for black patients.
Another possible explanation for black persons using the minority modalities with less frequency is that the living accommodations of many black persons may be inadequate to house the machinery and supplies needed for these modalities. In theory, the income variable should control for this; however, as discussed, the latter is an imperfect control.
The average age variable is negative and significant in the CAPD and home hemodialysis logits, and shows that a 1-year increase in the average age of the facility's patients decreases the relative odds of providing CAPD by 10 percent and home hemodialysis by 3 percent. Because elderly persons tend to be retired and have lower earnings potential, this finding supports the hypothesis of lower time costs lowering the probability of using the nonhemodialysis modalities. However, there may be other factors determining elderly persons' modality choice, for example, using CAPD or CCPD requires some degree of self-sufficiency. Given the lack of significance of the males variable, the lowwage hypothesis is not entirely satisfactory. In particular, it should be noted that some studies have found no relationship between work participation and use of CAPD, for example, Tucker et al. (1991) . Consequently, the result for black persons may be due to other factors, aside from low market wages.
The results for chain membership do not support the hypothesis of economies of scale with respect to the provision of the minority modalities within chains. In fact, the data seem to suggest the reverse, namely that chain membership lowers the probability of providing the minority modalities. Because the logits control for ownership status (non-profit, for-profit etc.) and facility density, this result is somewhat puzzling. One possible interpretation is that the ownership of a chain may standardize the modalities they offer throughout the chain leaving little room for single members of the chain to adjust the type of modalities offered, for example, due to variations in local conditions. Because hemodialysis is the mainstay of virtually all facilities, managers of individual chains may be encouraged to remain, somewhat exclusively, with this modality. One policy recommendation is to increase large chains' awareness of the demand for, and benefits associated with, CAPD, CCPD, and home hemodialysis. In making such recommendations, however, one should be aware that there is no conclusive evidence demonstrating the cost effectiveness of the minority modalities versus outpatient hemodialysis. Studies investigating this issue have been unable to reach any definitive conclusions. 6 Additionally, the data suggest that facilities owned by medium-size chains run counter to this trend. One possible explanation for this is that these medium-sized organizations are attempting to gain market share, even though they incur higher costs in the short run by providing CAPD, and, particularly, CAPD training. They may view expansion as necessary for survival, given the tendency toward concentration in the dialysis industry.
Researchers have found evidence of non-price competition among dialysis facilities-for example, Farley (1993) . However, the logit results reported here did not produce consistent evidence that facilities compete by offering the minority modalities. Indeed, the results produced evidence of a positive association between the Herfindahl index and the provision of CAPD. One possible explanation for this is that training is more expensive than regular dialysis and, though the facility receives extra compensation for training, this may not cover the cost differential. Consequently, facility owners may view training as an investment in a patient who will stay with the facility after training. If there are only a few facilities in the local market area, the patient is more likely to remain with the facility where he has trained. If there is a large number of competing facilities, trained patients may be lured away from facilities. Therefore, there is less incentive for a facility to offer CAPD training in competitive market areas and, consequently, there would be a lower number of patients using CAPD. Another possible explanation is that, if a facility makes more money from CAPD and it has a monopoly, it might use its market power to increase the use of CAPD.
Clearly, there is a correspondence between areas with low facility density and reduced market competitiveness (a lower Herfindahl index). Separating these issues is, therefore, problematic and the weak results for the Herfindahl index may be due to multicollinearity; the correlation coefficient between facility density and the Herfindahl index is -0.51. Because the analysis needs to control simultaneously in the logit regressions for market competitiveness and facility density, the strategy of including both covariates, while recognizing the associated problems, seems reasonable given the available data.
Another interesting result was the higher probability of CAPD offering associated with for-profit corporations. It is intuitively plausible that CAPD costs facilities less per patient, because only supplies and training are required as the main inputs. The profitoriented facilities are likely to be sensitive to the relative profit potential across the various modalities, hence their propensity to produce more CAPD services.
Finally, there is very strong evidence suggesting that larger facilities are more likely to offer minority modalities. This result is reasonable, given that there are the usual fixed costs associated with producing any different type of service. This is especially the case because the minority modalities only account for a small proportion of total dialysis services; thus a facility needs to be fairly large in order to be able to cover these fixed costs.
Despite the findings of this article, the data and analyses have a number of weaknesses. First, only freestanding facilities were included and hospital-based facilities were excluded. The data for hospital-based facilities may be valuable in other studies, but they are not necessarily appropriate here. Aside from the data problems associated with measuring hospitals' resource use and output of services, there is the additional problem that hospitals' choice of modalities offered may be based on an entirely different set of criteria. An indepth study of hospital-based facilities is, therefore, reserved as a topic for future research. It should be noted that hospitalbased facilities provide more of the minority modalities. In the sample of freestanding facilities used for this article, 14.6 percent of patients used minority modalities, compared with 18.4 percent of all dialysis patients from all facilities (Health Care Financing Administration, 1994) .
Second, the problem of the ecological fallacy discussed earlier in reference to the percent of black patients attending a facility applies to some of the other covariates. Implicit in the logit models is the assumption that, given the covariates, a facility's patients have no special desire to use any particular modality. Ideally, the analysis would be improved if one could find controls for all possible sources of variation in modality offerings. Unfortunately, data limitations prevent this and one must admit the possibility of specification bias due to omitted variables. Nevertheless, future work will aim to perform analyses at the level of the individual patient, which will provide more information about factors determining dialysis modality choice.
Third, the logistic regressions estimate only the probability that a facility provides a modality, not the quantity of that modality provided. Consequently, the dependent variable for a facility serving a single patient is recorded the same as for a facility serving 100 patients. The production of dialysis services has been investigated by a number of authors and these investigators have faced an output aggregation problem due to the multi-output production of services; however, modeling multi-output production in dialysis facilities is beyond the scope of this article.
Finally, the statistical analysis has been conducted under the assumption that the probability of providing either CAPD or CCPD is independent of the probability of providing home hemodialysis. In conclusion, although the results presented in this article are not definitive, they suggest recommendations to be considered by policymakers:
• There is a need for increased information and awareness regarding the relative costs and benefits of different dialysis modalities. Although physicians are aware of these issues, patients should also be encouraged to educate themselves about the available options. Improved quality of life outcomes are likely to result in situations where physicians and patients understand the advantages and disadvantages of each modality.
• Facility owners need to be presented with appropriate incentives to provide the whole range of modalities. Because most firms are for-profit organizations, they are likely to respond rapidly to changes in reimbursement rates. In order to determine which modalities are under-utilized, more work needs to be done to assess their costs and appropriateness, including quality of life changes associated with each modality.
TECHNICAL NOTE Variable Definitions and Sources
• 
Discarded Observations
Data for the 601 reporting hospitalbased dialysis facilities were not used for this article. A total of 1,469 freestanding dialysis facilities reported data, of which 259 were dropped from the analysis due to the following criteria. The number of observations satisfying each criterion are shown in parentheses.
